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Description
{TECHNICAL FIELD}

[0001] The presentinvention relates to a shaft sealing
device which seals a gap between a casing and a rotating
shaft of a rotating machine.

{BACKGROUND ART}

[0002] As ashaftsealing device which prevents aleak-
age of a sealed fluid around a rotating shaft in a rotating
machine, for example, a shaft sealing device using a me-
chanical seal composed of a pair of annular sliding com-
ponents rotating relative to each other and having a pair
of sliding surfaces sliding on each other is known.
[0003] For example, as shown in Patent Citation 1, a
shaft sealing device used in a submersible pump is ex-
emplified. The shaft sealing device of Patent Citation 1
includes a casing which has a closed drive space for
disposing a motor therein, a rotating shaft which pene-
trates the casing and is disposed in a space from a drive
space on a leakage side to an underwater space on a
sealed fluid side, and a mechanical seal which is dis-
posed between the rotating shaft and the casing. When
the motor rotationally drives the rotating shaft, a pump
impeller provided at one end of the rotating shaft is rota-
tionally driven to cause the water in the underwater space
to flow and a pair of sliding components constituting the
mechanical seal slides on each other in arelative rotation
state. Accordingly, it is possible to prevent water from
entering the drive space from the underwater space.
[0004] Inthe shaftsealing device using the mechanical
seal as in Patent Citation 1, since the water in the under-
water space flows between the sliding surfaces of the
pair of sliding components to form a liquid film, the lubric-
ity between the sliding surface can be increased during
the relative rotational sliding. However, lubricating per-
formance depends on liquid type and stable lubricity is
not easily exhibited.

[0005] Here, the above-described shaft sealing device
may adopt a technique in which a fluid introduction mech-
anism such as a spiral groove introducing a fluid in a
drive space between a pair of sliding surfaces is provided
and the fluid introduction mechanism moves the fluid in
the drive space toward a sealed fluid side space to be
introduced between the sliding surfaces so that a fluid
film is formed between the sliding surfaces to ensure lu-
bricity and to suppress the leakage of a sealed fluid into
the drive space.

{CITATION LIST}
{Patent Literature}

[0006]
FIG. 1)

Patent Citation 1: JP 2016-186297 A (Page 4,
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{SUMMARY OF INVENTION}
{Technical Problem}

[0007] When the above-described fluid introduction
mechanism is provided between the sliding surfaces of
the shaft sealing device as in Patent Citation 1, the leak-
age of the sealed fluid into the drive space can be sup-
pressed, but since the drive space is a closed space, the
fluid in the drive space decreases in accordance with the
relative rotational sliding between the sliding surfaces.
Accordingly, since the fluid cannot be introduced be-
tween the sliding surfaces, there is arisk that high lubricity
between the sliding surfaces cannot be maintained.
[0008] The present invention has been made in view
of such problems and an object of the present invention
is to provide a shaft sealing device capable of maintaining
high lubricity between sliding surfaces.

{Solution to Problem}

[0009] In order to solve the foregoing problem, a shaft
sealing device according to the present invention in-
cludes: a casing which has a drive space accommodating
a drive unit; a rotating shaft which penetrates the casing
and is disposed to extend from the drive space to a sealed
fluid side space; and a seal componentwhich is disposed
between the casing and the rotating shaft, has a pair of
sliding surfaces sliding relatively with each other in a fac-
ing state, and has a fluid introduction mechanism formed
on at least one of the pair of sliding surfaces so that a
fluid in the drive space is introduced between the pair of
sliding surfaces, wherein a communication path which
communicates with an external space is connected to
the drive space. According to the foregoing feature of the
present invention, since the fluid is replenished from the
external space into the drive space through the commu-
nication path when the fluid in the drive space is intro-
duced between the pair of sliding surfaces by the fluid
introduction mechanism, it is possible to prevent the fluid
in the drive space from decreasing in accordance with
the relative rotational sliding between the sliding surfaces
and to maintain high lubricity between the sliding surfac-
es.

[0010] It may be preferable that a flow blocking portion
is provided in the casing, the drive space is partitioned
into a seal component side space and a drive unit side
space by the flow blocking portion, and the communica-
tion path is connected to the seal component side space.
According to this preferable configuration, since the fluid
is replenished from the external space to the seal com-
ponent side space through the communication path, it is
possible to replenish the fluid from the external space
into the drive space without using the flow blocking por-
tion. Further, since the fluid is smoothly supplied to the
fluid introduction mechanism, the introduction of the fluid
by the fluid introduction mechanism is not disturbed. Fur-
ther, it is possible to decrease a pressure difference be-
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tween the seal component side space and the sealed
fluid side space. Further, since the seal component is
cooled by the fluid, it is possible to maintain good sealing
performance.

[0011] It may be preferable that the flow blocking por-
tion is a bearing. According to this preferable configura-
tion, since the communication path is connected to the
seal component side in relation to the bearing, it is pos-
sible to smoothly supply the fluid to the fluid introduction
mechanism.

[0012] It may be preferable that the seal component is
a mechanical seal having a pair of sliding parts rotating
relatively with each other. According to this preferable
configuration, it is easy to control the amount of the fluid
in the drive space introduced between the sliding surfac-
eson the basis of the relative rotation of the pair of sliding
parts.

[0013] It may be preferable that the shaft sealing de-
vice is used in a device immersed in water, and the com-
munication path is partially defined by a tube which is
connected to a communication hole provided in the cas-
ing and extends to the external space. According to this
preferable configuration, it is possible to replenish the
fluid from the external space into the drive space through
the internal space of the communication hole and the
tube even when the submersible pump is immersed un-
der water.

[0014] It may be preferable that a fluid in the drive
space is a gas and a fluid in the sealed fluid side space
is a liquid, the casing is provided with a through hole
through which the rotating shaft is inserted and a liquid
reservoir groove which is formed on an outer radial side
in relation to the through hole, and the communication
path communicates with the drive space at a position
above the liquid reservoir groove. According to this pref-
erable configuration, since the liquid is stored in the liquid
reservoir groove even when the liquid leaks from the
sealed fluid side space into the drive space, it is possible
to maintain a state in which the drive space and the ex-
ternal space communicate with each other by the com-
munication path disposed above the liquid reservoir
groove.

{BRIEF DESCRIPTION OF DRAWINGS}
[0015]

FIG. 1 is a partially cross-sectional view showing a
shaft sealing device according to an embodiment of
the present invention.

FIG. 2 is an enlarged cross-sectional view of a main
part of the shaft sealing device in the embodiment.
FIG. 3 is a schematic view in which a sliding surface
of a stationary seal ring is viewed from an axial di-
rection in the embodiment.

FIG. 4A is a schematic view of the movement of a
fluid in a dynamic pressure generation groove during
a relative rotation between a rotating seal ring and
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a stationary seal ring in the embodiment and FIG.
4B is the same schematic cross-sectional view in the
embodiment.

{DESCRIPTION OF EMBODIMENTS}

[0016] A mode for carrying out a shaft sealing device
according to the present invention will be described on
the basis of an embodiment.

{Embodiment}

[0017] A shaft sealing device according to an embod-
iment of the present invention will be described with ref-
erence to FIGS. 1 to 4. The shaft sealing device of the
embodiment is applied to a submersible pump that is
used with a pump body submerged, but may be applied
to other rotating machines. For convenience of descrip-
tion, dots may be added to grooves formed on a sliding
surface in the drawings.

[0018] As shown in FIG. 1, a shaft sealing device 1 is
installed to seal a gap between a liquid inflow space W
which is a sealed fluid side space for disposing an im-
peller 16 provided at a lower end of a rotating shaft 15
of a motor 12 serving as a drive unit and a motor side
drive space A (hereinafter, simply referred to as a drive
space A) which is a leakage side space.

[0019] The shaft sealing device 1 mainly includes a
first housing member 10a that constitutes a casing of the
motor 12, the rotating shaft 15 which penetrates the first
housing member 10a, and a mechanical seal 30 which
is a seal component disposed between the first housing
member 10a and the rotating shaft 15.

[0020] A housing 10 of a submersible pump P includes
afirsthousing member 10a that partitions the drive space
A and a second housing member 10b that partitions the
liquid inflow space W. The first housing member 10a and
the second housing member 10b are hermetically con-
nected by fastening flanges 10c and 10d with bolts and
nuts 11.

[0021] The drive space A of the first housing member
10a is a closed space and includes a lower space A1
which is a seal component side space disposed on the
side of the mechanical seal 30 and an upper space A2
which is a drive unit side space disposed on the side of
the motor 12. The motor 12 is fixed and installed at the
upper space A2 of the first housing member 10a. The
motor 12 is controlled based on power, control signals,
and the like input from the outside via a cable 19.
[0022] The first housing member 10a includes a first
partition wall portion 10e which partitions the lower space
A1 and the upper space A2 and extends in the horizontal
direction and a second partition wall portion 10f which
partitions the lower space A1 and the liquid inflow space
W disposed below the lower space A1 and extends in
the horizontal direction.

[0023] The first partition wall portion 10e and the sec-
ond partition wall portion 10f are respectively provided
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with through holes 10g and 10h through which the rotat-
ing shaft 15 extending in the up and down direction is
insertable.

[0024] The through hole 10g of the first partition wall
portion 10e is formed such that the upper portion is a
large diameter hole portion and the lower portion is a
small diameter hole portion and a step portion 10j is
formed on the inner radial side of the first partition wall
portion 10e by the large diameter hole portion and the
small diameter hole portion. A bearing 14 serving as a
flow blocking portion rotatably holding the rotating shaft
15 is fixed to the step portion 10j. In addition, the flow
blocking portion may be one other than the bearing 14.
For example, a single seal device such as an oil seal or
a lip seal may be provided or both the seal device and
the bearing may be provided side by side in the axial
direction.

[0025] The bearing 14 of the embodiment is a roller
bearing and the lower space A1 and the upper space A2
communicate with each other through a slight gap be-
tween the members constituting the bearing 14. That is,
the lower space A1 and the upper space A2 are parti-
tioned in a state in which the flow path is narrowed by
the bearing 14, that is, the flow blocking portion so that
the fluid does not move easily.

[0026] An annular liquid reservoir groove 18 is formed
at a position spaced radially outward from the through
hole 10hin the second partition wall portion 10f. A surface
on the inner radial side of the liquid reservoir groove 18
is a tapered surface which increases in diameter from
the upper surface of the second partition wall portion 10f
downward and toward the outer radial side. Accordingly,
even if the liquid of the liquid inflow space W enters the
lower space A1, the liquid can be guided to the outer
radial side. In addition, the liquid reservoir groove 18 is
not limited to an annular shape and a plurality of the liquid
reservoir grooves may be provided to be spaced apart
in the circumferential direction.

[0027] Further, a communication hole 10k which com-
municates with the lower space A1 is formed through the
lower side wall of the first housing member 10a and one
end of a tube 13 is connected to the communication hole
10k. The other end of the tube 13 extends to an external
space (hereinafter, also referred to as an atmospheric
space). Thatis, the communication hole 10k and the tube
13 constitute a communication path that communicates
the lower space A1 and the atmospheric space and the
drive space A is filled with air. In addition, the external
space is a space separated from the underwater space
in which the submersible pump P is immersed.

[0028] Further, the communication hole 10k is dis-
posed above the upper surface of the second partition
wall portion 10f, that is, above the liquid reservoir groove
18.

[0029] Further, afilter 2 is provided in the communica-
tion hole 10k and can prevent foreign matter from enter-
ing the lower space A1.

[0030] Further, an inner wall of the lower space A1,
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more specifically, an upper inner wall is provided with a
moisture absorbent material 3 that absorbs moisture in
the lower space A1. In addition, the moisture absorbent
material 3 may be any material as long as the material
absorbs moisture in the air, such as potassium chloride,
silicon dioxide, and quicklime.

[0031] Further, a variable temperature mechanism 4
that can change the temperature in the lower space A1
is provided in the lower space A1. The variable temper-
ature mechanism 4 can condense ambient moisture by
heating or cooling. Condensed moisture is removed by
the moisture absorbent material 3.

[0032] The second housing member 10b forms the lig-
uid inflow space W therein and constitutes a casing ac-
commodating the impeller 16 installed at the lower end
of the rotating shaft 15. The second housing member 10b
is provided with a suction port 10m which communicates
with an underwater space in which the submersible pump
P is disposed and a discharge port 10n which is connect-
ed to a pipe (not shown). The impeller 16 is rotationally
driven to impart a moving force to the liquid (that is, water)
in the liquid inflow space W from the suction port 10m to
the discharge port 10n and hence functions as a pump.
[0033] The mechanical seal 30 is provided between
the rotating shaft 15 and the through hole 10h of the first
housing member 10a. The mechanical seal 30 seals a
gap between the liquid inflow space W and the drive
space A along the rotating shaft 15. In other words, the
mechanical seal 30 seals a gap between the outer pe-
ripheral surface of the rotating shaft 15 and the inner
peripheral surface of the through hole 10h of the first
housing member 10a.

[0034] Referring to FIG. 2, the mechanical seal 30
mainly includes a rotating seal ring 31 which is a sliding
part having a rotating side sliding surface 31s and a sta-
tionary seal ring 32 which is a sliding part having a sta-
tionary side sliding surface 32s sliding on the rotating
side sliding surface 31s.

[0035] Specifically, the mechanical seal 30 includes
the rotating seal ring 31, the stationary seal ring 32, a
cup gasket 33, a bellows 34, a tightening ring 35, a spring
37, a mounting bracket 38, and a collar 39.

[0036] The rotating sealring 31 and the stationary seal
ring 32 are typically formed of a combination of SiC (as
an example of hard material) or SiC and carbon (as an
example of soft material), but the present invention is not
limited thereto. Any sliding material can be applied inso-
far as it is used as a sliding material for a mechanical
seal. In addition, the SiC includes a sintered body using
boron, aluminum, carbon, or the like as a sintering aid
and a material made of two or more types of phases
having different components and compositions, exam-
ples of which include SiC in which graphite particles are
dispersed, reaction-sintered SiC made of SiC and Si,
SiC-TiC, and SiC-TiN. As the carbon, resin-molded car-
bon, sintered carbon, and the like can be used, including
carbon in which carbon and graphite are mixed. In addi-
tion to the above sliding materials, a metal material, a
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resin material, a surface modification material (e.g., coat-
ing material), a composite material, and the like can also
be applied.

[0037] The rotating side sliding surface 31s of the ro-
tating seal ring 31 is formed to have a smaller radial width
than the stationary side sliding surface 32s of the station-
ary seal ring 32 and a plurality of dynamic pressure gen-
eration grooves 40 are formed on the stationary side slid-
ing surface 32s of the stationary seal ring 32 as a fluid
introduction mechanism to be described later (see FIG.
3). In addition, a detailed structure of the dynamic pres-
sure generation groove 40 will be described later.
[0038] The bellows 34 is made of an elastically deform-
able material such as rubber. The bellows 34 includes a
cylindrical portion 34a which is tightly attached to the out-
er peripheral surface of the rotating shaft 15 in a sealed
state and an annular portion 34b which is bent radially
outward from the end portion of the cylindrical portion
34a on the side of the drive space A. The tightening ring
35 is disposed on the outer peripheral surface of the cy-
lindrical portion 34a and the cylindrical portion 34a is
tightened to the outer peripheral surface of the rotating
shaft 15 by the tightening ring 35.

[0039] Further, the annular portion 34b is hermetically
fixed to the outer peripheral portion of the annular portion
34b and the outer peripheral portion of the rotating seal
ring 31 by caulking with the mounting bracket 38.
[0040] The spring 37 is disposed on the outer periph-
eral side of the bellows 34. The upper end of the spring
37 comes into contact with the lower surface of the
mounting bracket 38, the lower end of the spring 37
comes into contact with a spring receiving member, and
the collar 39 disposed below the spring receiving member
and fixed to the rotating shaft 15 receives areaction force.
Due to the spring force of the spring 37, the rotating seal
ring 31 is biased toward the stationary seal ring 32
through the mounting bracket 38.

[0041] The cup gasket 33 is made of a highly elastic
rubber material, synthetic resin, or the like. The through
hole 10h of the first housing member 10a has a small
diameter hole portion at the upper portion and a large
diameter hole portion at the lower portion and a step por-
tion 10p is formed on the inner radial side of the second
partition wall portion 10f and is held in a compressed
state between the step portion 10p of the second partition
wall portion 10f and the rotating seal ring 31. That is, the
cup gasket 33 seals a gap between the second partition
wall portion 10f and the rotating seal ring 31.

[0042] Next, the structure of the rotating side sliding
surface 31s of the rotating seal ring 31 and the stationary
side sliding surface 32s of the stationary seal ring 32 will
be described on the basis of FIGS. 3 and 4. Hereinafter,
the rotating side sliding surface 31s and the stationary
side sliding surface 32s are simply referred to as the slid-
ing surfaces 31s and 32s.

[0043] As shown in FIGS. 3 and 4A, the rotating seal
ring 31 slides counterclockwise relative to the stationary
seal ring 32 as indicated by the arrow. A plurality of (eight
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in the embodiment) dynamic pressure generation
grooves 40 are equally arranged in the circumferential
direction on the inner radial side of the sliding surface
32s of the stationary seal ring 32.

[0044] Inaddition, thesliding surface 31s of the rotating
seal ring 31 has a size larger than the dynamic pressure
generation groove 40 in the radial direction and has a
width smaller than the sliding surface 32s in the radial
direction. Further, the number of the dynamic pressure
generation grooves 40 can be freely changed. Further,
the sliding surface 31s is formed in a flat surface.
[0045] Further, a portion of the sliding surface 32s oth-
er than the dynamic pressure generation groove 40 is a
land 41 forming a flat surface. Specifically, the land 41
includes a portion between the dynamic pressure gen-
eration grooves 40 which are adjacent to each other in
the circumferential direction and an annular portion which
is disposed on the outer radial side of each dynamic pres-
sure generation groove 40 and these portions are ar-
ranged on the same plane as the surface of the land 41
on the side of the sliding surface 32s (hereinafter, also
referred to as the flat surface of the land 41).

[0046] In the dynamic pressure generation groove 40,
the inner radial end portion, that is, a relative rotation
start end 40A communicates with the drive space A and
extends in an arc shape from the start end 40A toward
the outer radial side while being inclined toward the ro-
tation terminal end side of the rotating seal ring 31 and
the outer radial end portion, that is, a relative rotation
terminal end 40B is closed by a wall portion 40b not to
communicate with the liquid inflow space W. This dynam-
ic pressure generation groove 40 has an arc shape that
protrudes toward the outer radial side.

[0047] Specifically, the dynamic pressure generation
groove 40 includes a bottom surface 40a which is flat
from the start end 40A to the terminal end 40B and is
parallel to the flat surface of the land 41, the wall portion
40b which extends perpendicularly from the end edge of
the terminal end 40B of the bottom surface 40a toward
the sliding surface 32s, and side wall portions 40c and
40d which extend perpendicularly from both side edges
of the bottom surface 40a toward the sliding surface 32s.
[0048] In addition, an angle formed between the wall
portion 40b and the side wall portion 40c is an obtuse
angle, an angle formed between the wall portion 40b and
the side wall portion 40d is an acute angle, and the acute
angle portion of the wall portion 40b on the side of the
side wall portion 40d is located on the rotation terminal
end side of the rotating seal ring 31 in relation to the
obtuse angle portion of the wall portion 40b on the side
of the side wall portion 40c.

[0049] These dynamic pressure generation grooves
40 are arranged so that the adjacent dynamic pressure
generation grooves 40 overlap each other in the radial
direction when viewed from the axial direction.

[0050] Further, as shown in FIG. 4B, the dynamic pres-
sure generation groove 40 has a constant depth D from
the start end 40A (see FIGS. 3 and 4A) to the terminal
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end 40B. In addition, FIG. 4B is a schematic cross-sec-
tional view assuming a state in which one dynamic pres-
sure generation groove 40 is cut in the longitudinal direc-
tion.

[0051] Further, in this embodiment, an example in
which the dynamic pressure generation groove 40 is
formed to have a constant depth D has been described,
but the present invention is not limited thereto. For ex-
ample, the dynamic pressure generation groove may be
inclined to be shallower from the start end toward the
terminal end or a plurality of steps may be formed to be
shallower from the start end toward the terminal end.
Further, the bottom portion of the dynamic pressure gen-
eration groove is not limited to a planar shape, and may
have a curved shape. That s, a pressure may be gener-
ated in the sliding surface by introducing a fluid into the
sliding surface by the rotation of the seal ring.

[0052] Next, an operation during the relative rotation
between the stationary seal ring 32 and the rotating seal
ring 31 will be described with reference to FIG. 4. First,
air in the drive space A flows into the dynamic pressure
generation groove 40 in a non-operation state of the sub-
mersible pump P in which the rotating seal ring 31 does
not rotate. In addition, since the rotating seal ring 31 is
biased toward the stationary seal ring 32 by the spring
37 and the pressure of the liquid in the liquid inflow space
W, the sliding surfaces 31s and 32s are in contact with
each other and almost no liquid (hereinafter, referred to
as a sealed fluid) in the liquid inflow space W enters be-
tween the sliding surfaces 31s and 32s.

[0053] When the rotating seal ring 31 rotates relative
to the stationary seal ring 32, air in the dynamic pressure
generation groove 40 move along the rotation direction
of the rotating seal ring 31 due to the friction with the
sliding surface 31s and air in the drive space A is drawn
to the dynamic pressure generation groove 40 as indi-
cated by the white arrow in FIG. 4. That is, air in the drive
space A moves from the startend 40A toward the terminal
end 40B in the dynamic pressure generation groove 40.
[0054] The air having moved toward the terminal end
40B can increase the pressure at and near the acute
angle portion of the terminalend 40B ofthe dynamic pres-
sure generation groove 40. That is, a positive pressure
is generated at and near the acute angle portion.
[0055] The sliding surfaces 31s and 32s are slightly
separated from each other by the force F caused by the
positive pressure generated at and near the acute angle
portion. Accordingly, air in the dynamic pressure gener-
ation groove 40 mainly enters between the sliding sur-
faces 31s and 32s. In this way, since air is interposed
between the sliding surfaces 31s and 32s, lubricity is im-
proved (so-called gas lubrication), and wear between the
sliding surfaces 31s and 32s can be suppressed. In ad-
dition, the air having flowed between the sliding surfaces
31s and 32s may slightly leak toward the liquid inflow
space W.

[0056] Further, at this time, the sealed fluid flows to
and near the acute angle portion of the dynamic pressure
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generation groove 40 since the sliding surfaces 31s and
32s are slightly separated from each other, but since a
positive pressure is generated at and near the acute an-
gle portion of the dynamic pressure generation groove
40, the sealed fluid which is a liquid on the side of the
liquid inflow space W almost does not enter the acute
angle portion and the inner radial side of the vicinity there-
of, that is, the side of the drive space A.

[0057] Returning to FIG. 1, the air in the drive space A
is drawn toward the dynamic pressure generation groove
40 during the relative rotation between the rotating seal
ring 31 and the stationary seal ring 32, but the amount
of airdrawn into the dynamic pressure generation groove
40 is replenished from the atmospheric space through
the communication hole 10k and the tube 13 communi-
cating with the lower space A1 of the drive space A.
[0058] In this way, since air is replenished from the
external atmospheric space into the drive space A
through the communication hole 10k and the tube 13
when air in the drive space A is introduced between the
sliding surfaces 31s and 32s by the dynamic pressure
generation groove 40 during the relative rotation between
the rotating seal ring 31 and the stationary seal ring 32,
it is possible to prevent the air in the drive space A from
being extremely reduced due to the relative rotational
sliding between the sliding surfaces 31s and 32s and to
prevent insufficient lubrication between the sliding sur-
faces 31s and 32s due to insufficient air. As a result, it is
possible to maintain high lubricity. Further, since the air
in the drive space A moves toward the liquid inflow space
W, the sealed fluid of the liquid inflow space W does not
easily leak into the drive space A.

[0059] Further, it is possible to prevent the gas in the
drive space A from decreasing so that the atmospheric
pressure in the driving space A decreases, that is, the
atmospheric pressure approaches a vacuum state.
[0060] Further, the fluid in the drive space A is air and
air can be circulated from the atmospheric space into the
drive space A. Accordingly, there is no need to provide
a pump or the like in the external space or the commu-
nication path in order to replenish the air from the atmos-
pheric space into the drive space A and the structure can
be made simple.

[0061] Further, since the fluid in the drive space A is
at atmospheric pressure, it is possible to prevent a force
caused by the fluid pressure in the drive space A from
affecting the sliding pressure between the sliding surfac-
es 31s and 32s.

[0062] Further, the drive space A is partitioned into the
lower space A1 on the side of the mechanical seal 30
and the upper space A2 on the side of the motor 12 by
the bearing 14 guiding the rotation of the rotating shaft
15 and the communication hole 10k communicates with
the lower space A1.

[0063] Accordingly, since it is possible to suppress a
decrease in pressure in the lower space A1 by replen-
ishing air from the atmospheric space to the lower space
A1 through the communication hole 10k and the tube 13,
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it is possible to decrease a pressure difference between
the lower space A1 and the upper space A2 and to sup-
press air from moving between the lower space A1 and
the upper space A2. Thus, it is possible to suppress dust
in the upper space A2 or lubricant of the bearing 14 from
entering the lower space A1 and affecting the mechanical
seal 30 as air moves between the lower space A1 and
the upper space A2.

[0064] Further, since the seal component is the me-
chanical seal 30 which includes the rotating seal ring 31
and the stationary seal ring 32, the fluid introduction
mechanism which introduces air in the drive space A be-
tween the sliding surfaces is the dynamic pressure gen-
eration groove 40 provided on the sliding surface 32s of
the stationary seal ring 32, and the rotating shaft 15 or
the housing 10 is not used as the sliding surface, it is
easy to control the amount of the air in the drive space
A introduced between the sliding surfaces 31s and 32s
on the basis of the relative rotation speed between the
rotating seal ring 31 and the stationary seal ring 32.
[0065] Further, the shaft sealing device 1 is used for
the submersible pump P and the tube 13 extends from
the communication hole 10k to the atmospheric space.
Accordingly, itis possible to replenish air from the atmos-
pheric space into the drive space A through the internal
space of the communication hole 10k and the tube 13
even when the submersible pump P is immersed under
water. In addition, the tube 13 may be a flexible tube
made of resin or the like which is flexible enough to bend
and deform or may be a metal tube which does not have
flexibility.

[0066] Further, the drive space A is disposed vertically
above the liquid inflow space W, the firsthousing member
10a is provided with the through hole 10h through which
the rotating shaft 15 is inserted in the up and down di-
rection and the liquid reservoir groove 18 which is dis-
posed on the outer radial side of the through hole 10h,
and the communication hole 10k communicates with the
lower space A1 of the drive space A at a position above
the liquid reservoir groove 18. Accordingly, since the
sealed fluid is stored in the liquid reservoir groove 18
even when the sealed fluid leaks from the liquid inflow
space W into the lower space A1, the communication
hole 10k disposed above the liquid reservoir groove 18
is not blocked by the sealed fluid and the lower space A1
and the atmospheric space can be maintained in a com-
munication state.

[0067] In addition, in the embodiment, an example in
which the second partition wall portion 10f partitioning
the lower space A1 and the liquid inflow space W is pro-
vided in the first housing member 10a has been de-
scribed, but the present invention is not limited thereto.
For example, the second partition wall portion may be
provided in the second housing member 10b and the
lower space A1 and the liquid inflow space W may be
partitioned by a member different from the first housing
member 10a and the second housing member 10b.
[0068] Although the embodiment of the presentinven-
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tion has been described above with reference to the
drawings, a detailed configuration is not limited to these
embodiments and modifications or additions in the scope
not departing from the spirit of the present invention are
also included in the present invention.

[0069] For example, in the above-described embodi-
ment, an example in which the motor is the drive unit has
been described, but the present invention is not limited
thereto. For example, any drive device may be used.
[0070] Further, in the above-described embodiment,
the filter 2 is provided in the communication hole 10k, but
the present invention is not limited thereto. For example,
a filter may be provided in the tube 13. Further, the
presentinvention is not limited to the filter and any device
such as a cyclone separator that prevents foreign matter
from entering the lower space A1 may be used.

[0071] Further, in the above-described embodiment,
the moisture absorbent material is provided in the inner
wall of the lower space A1, but the present invention is
not limited thereto. For example, the moisture absorbent
material may be provided at the same position as the
filter and the moisture absorbent material may be provid-
ed instead of the filter if the entry of foreign matter can
be prevented by the moisture absorbent material.
[0072] Further, in the above-described embodiment,
an example in which the communication path communi-
cating the drive space A and the external space is con-
stituted by the communication hole 10k and the tube 13
has been described, but the present invention is not lim-
ited thereto. For example, the communication path may
be constituted only by the communication hole 10k. In
this case, the communication hole 10k may not commu-
nicate with the sealed fluid side space, but may directly
communicate with the external space.

[0073] Further, in the above-described embodiment,
the tube 13 and the cable 19 are provided separately,
but the present invention is not limited thereto. For ex-
ample, the tube and the cable may be integrally formed
by passing the cable through the tube. For example, the
cable passing path and the communication path commu-
nicating the drive space and the external space with each
other may be provided separately in the tube. Further,
the drive space and the external space may communi-
cate with each other by the communication path provided
in the cable.

[0074] Further, in the above-described embodiment,
an example in which the fluid in the drive space A is an
atmospheric pressure has been described, but the fluid
in the external space may be pressurized by a pump or
a fan to be forcedly sent into the drive space A.

[0075] Further, in the above-described embodiment,
an example in which the drive space A and the external
space communicate with each other has been described,
but the present invention is not limited thereto. For ex-
ample, the drive space A may communicate with a tank
containing a sufficient amount of fluid instead of the ex-
ternal space.

[0076] Further, in the above-described embodiment,
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an example of the inside mechanical seal 30 which seals
the sealed fluid that is about to leak from the outer radial
side toward the inner radial side of the sliding surface
has been described, but the present invention is not lim-
ited thereto. For example, an outside mechanical seal
which seals a sealed fluid that is about to leak from an
inner radial side toward an outer radial side of a sliding
surface may be used. In this case, the rotating seal ring
may be disposed on the side of the lower space A1 and
the stationary seal ring may be disposed on the side of
the liquid inflow space W.

[0077] Further, in the above-described embodiment,
an example in which the dynamic pressure generation
groove 40 is provided in the stationary seal ring 32 has
been described, but the dynamic pressure generation
groove may be provided in the rotating seal ring 31 or
both the stationary seal ring 32 and the rotating seal ring
31.

[0078] Further, the dynamic pressure generation
groove 40 of the above-described embodiment extends
in an arc shape from the drive space A toward the liquid
inflow space W, but the present invention is not limited
thereto. For example, the dynamic pressure generation
groove may extend in a linear shape from the drive space
A toward the liquid inflow space W and may have a ter-
minal end portion closed to generate a dynamic pressure.
Further, the dynamic pressure generation groove may
not have an acute angle portion or an obtuse angle por-
tion and the corner portion of the dynamic pressure gen-
eration groove may have a curved shape when viewed
from the axial direction.

[0079] Further, the start end 40A of the dynamic pres-
sure generation groove 40 may not open to communicate
with the drive space A and the dynamic pressure gener-
ation groove may be a dimple or the like surrounded by
a land. In this case, the dimple may be disposed near
the drive space A or the fluid pressure in the drive space
A may be slightly higher than the fluid pressure in the
liquid inflow space W.

[0080] Further, the fluid introduction mechanism is not
limited to the dynamic pressure generation groove and
may be one that hardly generates dynamic pressure and
can simply introduce the fluid in the drive space A be-
tween the sliding surfaces.

[0081] Further, in the above-described embodiment,
an example in which the fluid pressure in the drive space
A is smaller than the fluid pressure in the liquid inflow
space W has been described, but the fluid pressure in
the drive space A may be the same as the fluid pressure
in the liquid inflow space W or slightly higher than the
fluid pressure in the liquid inflow space W.

[0082] Further, in the above-described embodiment,
an example in which the drive space A is partitioned into
the lower space A1 and the upper space A2 by the bear-
ing 14 has been described, but the present invention is
not limited thereto. For example, the bearing 14 may be
provided outside the drive space A and the drive space
A may be one space.
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[0083] Further, in the above-described embodiment,
an example in which the communication path communi-
cates with the lower space A1 has been described, but
the communication path may communicate with the up-
per space A2. In this case, a fluid moves from the lower
space A1 to the upper space A2 through the bearing 14.
[0084] Further, in the above-described embodiment,
an example in which the fluid in the drive space A is com-
pressed air has been described, but the presentinvention
is not limited thereto. For example, the fluid may be other
gas, liquid, or a mist mixture of liquid and gas.

[0085] Further, in the above-described embodiment,
an example in which the fluid in the sealed fluid side space
is water has been described, but the present invention
is not limited thereto. For example, the fluid may be other
liquid, gas, or a mist mixture of liquid and gas.

[0086] Further, in the above-described embodiment,
the shaft sealing device 1 used in the submersible pump
P has been described, but the present invention is not
limited thereto. For example, the shaft sealing device
may be used in rotating machines such as automobiles
and general industrial machines.

[0087] Further, in the above-described embodiment,
an example in which the rotating shaft 15 is disposed to
extend in the up and down direction has been described,
but for example, the rotating shaft 15 may be disposed
to extend in the right and left direction. In this case, the
lower space A1 and the upper space A2 are arranged on
the right and left sides.

{REFERENCE SIGNS LIST}

[0088]

1 Shaft sealing device

10 Housing

10a First housing member (casing)

10g, 10h  Through hole

10k Communication hole (communication path)

12 Motor (drive unit)

13 Tube (communication path)

14 Bearing

15 Rotating shaft

18 Liquid reservoir groove

30 Mechanical seal (seal component)

31 Rotating seal ring (sliding part)

31s Rotating side sliding surface

32 Stationary seal ring (sliding part)

32s Stationary side sliding surface

40 Dynamic pressure generation groove (fluid
introduction mechanism)

A Motor side drive space

A1 Lower space (seal component side space)

A2 Upper space (drive unit side space)

P Submersible pump (device)

w Liquid inflow space (sealed fluid side space)
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Claims an outer radial side in relation to the through
hole, and
1. A shaft sealing device, comprising: wherein the communication path communicates
with the drive space at a position above the liquid
a casing which has a drive space accommodat- % reservoir groove.

ing a drive unit;

a rotating shaft which penetrates the casing and

is disposed to extend from the drive space to a
sealed fluid side space; and

a seal component which is disposed between 10
the casing and the rotating shaft, has a pair of
sliding surfaces sliding relatively with each other

in a facing state, and has a fluid introduction
mechanism formed on at least one of the pair of
sliding surfaces so that a fluid in the drive space 15
is introduced between the pair of sliding surfac-

es,

wherein a communication path which commu-
nicates with an external space is connected to

the drive space. 20

2. The shaft sealing device according to claim 1,

wherein a flow blocking portion is provided in

the casing, 25
wherein the drive space is partitioned into a seal
component side space and a drive unit side
space by the flow blocking portion, and

wherein the communication path is connected

to the seal component side space. 30

3. The shaft sealing device according to claim 2,
wherein the flow blocking portion is a bearing.

4. The shaft sealing device according to any one of 35
claims 1 to 3,
wherein the seal component is a mechanical seal
having a pair of sliding parts rotating relatively with
each other.
40
5. The shaft sealing device according to any one of
claims 1 to 4,

wherein the shaft sealing device is used in a
device immersed in water, and 45
wherein the communication path is partially de-
fined by a tube which is connected to a commu-
nication hole provided in the casing and extends
to the external space.
50
6. The shaft sealing device according to any one of
claims 1 to 5,

wherein a fluid in the drive space is a gas and a
fluid in the sealed fluid side space is a liquid, 55
wherein the casing is provided with a through
hole through which the rotating shaft is inserted
and a liquid reservoir groove which is formed on

10
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Fig.3

ROTATION DIRECTION OF ROTATING SEAL RING
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Fig.4

(a) ROTATION DIRECTION OF ROTATING SEAL RING
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